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Management of Exaggerated Gag Reflex Using Intravenous Sedation in Prosthodontic Treatment.
Tohoku J. Exp. Med., 2007, 212 (4) , [373] [374] [375] [376] [377] [378] The gag reflex is a somatic natural response in which the body attempts to eliminate instruments or agents from the oral cavity by muscle contraction. Some patients suffered from such severe retching that behavioral techniques did not sufficiently reduce gagging in dentistry. In these patients, pharmacological management was thought to be the last alternative to eliminate the reflex. However, the potential of intravenous (IV) sedation as a way to overcome problems in gagging management during prosthodontic (prosthetic) therapy has not been sufficiently explored. We examined the benefit of IV sedation to facilitate prosthodontic treatment for problematic gagging patients intolerable to dental therapy. The subjects were 10 severely retching patients (7 males and 3 females) who received prosthodontic or restorative therapy under propofol IV sedation. The number, location and prognosis of dentures/restorations were reviewed retrospectively. Eight dentures (3 removable and 5 fixed partial dentures) and 22 restorations (18 crowns and 4 inlays) were seated successfully in the oral cavity without serious complications related to IV sedation. The restored teeth were located predominantly in the posterior regions. Throughout the observation period of at least 6 months, no symptoms of postoperative pain or swelling were found. Five of the 10 patients showed improved tolerance to oral inspection, indicating a behavioral adjustment to dental care. In prosthodontic treatment extended to the posterior regions, propofol IV sedation proved useful in managing reflex control. gag reflex; behavioral management; intravenous sedation; prosthodontic therapy
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The exaggerated gag reflex, although troublesome for both patients and dental clinicians, is a somatic natural response, in which the body attempts to eliminate instruments or agents from the oral cavity by muscle contraction at the base of the tongue and the pharyngeal wall (Bassi et al. 2004) . Generally, the ultimate goal for these patients is to make routine dental care possible by reducing anxiety and helping them "unlearn" the behavior that leads to gagging (Wilks and Marks gagging and mentioned intensive fear and distress associated with impression making. Indeed, most articles on the subject of gagging were related to prosthodontic (prosthetic) procedures (Ramsy et al. 1987; Barsby 1994; Neumann and McCarty 2001) .
This study described prosthodontic cases using propofol IV sedation for problematic gagging patients who were intolerable to dental therapy in association with behavior modification or topical anesthetic application techniques. The prognosis of treatment and adjustment to dental care were followed more than 6 months after completion of the treatment.
MATERIALS AND METHODS
The subjects of this study were 10 severely retching patients (7 males and 3 females) referred to our clinic for prosthodontic therapy under special care from February 1998 to July 2005. They had been unable to tolerate any dental treatment conducted by a general practitioner. The patients ranged in age from 18 to 63 years with a mean of 34.1 ± 12.5 years. There was no contributory medical or psychological history except dental phobia, hypertension and mild mental disability in three male patients, which however did not involve any communication problem. The gender, age and systemic complications of the patients are summarized in Table 1 . This study protocol was approved by the ethics committee of the Nagasaki University Graduate School of Biomedical Sciences. Informed consent was obtained in writing from all patients after a thorough explanation of the treatment and management plan.
1983; Ramsay et al. 1987) . Therefore, strategies to overcome the gag reflex in treatment have focused on behavior modification using systemic desensitization and distraction methods. However, some patients suffered from such severe retching that these methods did not sufficiently reduce gagging in dentistry. In these patients, pharmacological management was thought to be the "last resort" to eliminate the reflex during treatment (Robb and Crothers 1996; Tomioka et al. 1998) .
Intravenous (IV) sedation has been employed to control gagging and fear in the field of gastrointestinal endoscope examination (Dies et al. 1996) . However, the potential of IV sedation as a way to overcome the gag reflex has not been sufficiently explored in dentistry, probably due to the long recovery time and the occasional need for admission to hospital. Recently, propofol has been used in conscious sedation for dental treatment instead of general anesthesia (GA) because it was shown to provide a sufficient sedative level and rapid recovery (Chaushu and Becker 2002) and to achieve a safety level commensurate with that of midazolam (Leitch et al. 2004) , which is routinely used for conscious sedation.
On the other hand, gagging patients have psychological symptoms such as dental anxiety and fear resulting from previous negative episodes or iatrogenic experiences (Ramsay et al. 1987 ). Wilks and Marks (1983) discussed the magnitude of anxiety in various dental treatments resulting in Male  44  3  Female  36  4  Male  34  5  Female  26  6  Male  63  Hypertension  7  Female  25  8  Male  18  Mental disability  9  Male  26  10  Male  33 For induction of sedation, intravenous access was established and a bolus dose of 0.5-1 mg/kg propofol (Diprivan, AstraZeneca, Osaka) was administered intravenously by an anesthetist. Maintenance of conscious sedation was conducted with a continuous infusion of 2-6 mg/kg/hr propofol during routine prosthodontic procedures such as impression making. We maintained a sedation level at which the patients could be roused by mild physical stimulation.
The impression materials used were addition-type silicone (Exafine, GC, Tokyo) and irreversible hydrocolloid (AP-1, Tokuyama, Tokyo). For final impressions of fixed partial dentures (FPDs) and restorations, putty of addition-type silicone was employed on a stock tray in combination with light body. To make final impressions of removable dentures, medium body was used on a custom tray with light body.
Patients were recalled monthly for at least 6 months after seating the restorations and removable dentures. In addition to forms of discomfort such as postoperative pain/swelling, the improvement in adjustment to oral care was assessed by tolerance to intraoral inspection using a dental mirror, tooth brushing instruction (TBI) and professional mechanical tooth cleaning (PMTC) by dental hygienists. The criteria of behavioral adjustment were as follows:
Positive: Reduction in the trigger area was observed, and patients showed tolerance to mirror inspection in the whole oral cavity.
Negative: No change in the trigger area was observed, and mirror inspection elicited the reflex.
RESULTS
The prosthodontic treatment for each patient is summarized in Table 2 . In all cases except case 9, preliminary treatments such as tooth extraction and endodontic treatment were required before commencement of prosthodontic treatment. Eight Tooth locations are shown in parentheses according to the Two-digit System approved by the International Standards Organization. Quadrants are allocated the digits 1-4 for the permanent teeth in a clockwise sequence starting at the upper right side; anterior teeth in the same quadrant are allocated the digits 1-3 (posterior teeth; 4-8) from the midline backward. The number of prosthetics and restorations were also given. RPD, removable partial denture; FPD, fixed partial denture; RCT, root canal treatment. denture (3 removable dentures and 5 FPDs) and 22 restorations (18 crowns and 4 inlays) could be seated in the oral cavity. Generally, fixed prosthodontic and restorative procedures were implicated mainly in the posterior area. Recovery times ranged from 5 to 15 min and the patients were allowed to return home less than an hour after completion of sedation. After the treatment, no symptoms such as dyspnea, nausea or fever were observed. None of the patients complained of gagging resulting from the tactile sensation of restorations after treatment.
The patients with removable dentures could tolerate impression making under IV sedation, although behavioral management techniques such as desensitization were necessary to improve their tolerance to tactile stimulation of dentures in the oral cavity after treatment. The removable dentures were minimized to avoid tactile stimulation of the denture base on the trigger area. For example, the maxillary complete denture of case 1 had an arch shape to avoid stimulation of the trigger area on the soft palate and tongue dorsum (Fig. 1 ).
This design allowed the patient to wear the dentures for several seconds. Since he was inclined to use them, the setting time was gradually lengthened until he could use the dentures at meals.
Throughout the observation period, none of the subjects showed intolerance to wearing dentures or symptoms of discomfort such as postoperative pain and swelling of the apical regions. Five of the 10 patients showed improved tolerance to oral inspection, TBI and PMTC (Table 3) .
DISCUSSION
To date, strategies for gagging control were based mainly on educational and behavioral management, and pharmacological management was not routine because of the overdependence of patients on the above options (Conny and Tedesco 1983) . However, the oral condition of the patients observed in the present study was miserable due to long-term suspension of dental care resulting from anxiety, fear and a negative attitude to treatment. Furthermore, behavioral management had been attempted in other clinics. Consequently, we gave priority to urgent treatments using pharmacological management in painful cases associated with esthetic and feeding problems.
In our patients, the restored teeth were located mainly in the posterior regions of both maxillae and mandible except in case 6 (maxillary anterior FPD) and cases 3 and 10 (maxillary anterior 6 months negative 10 6 months negative Fig. 1 . Complete dentures in case 1. The maxillary denture was designed in an arch shape to reduce tactile stimulation to the soft palate and tongue dorsum.
veneered crowns) although a general survey indicated the maxillary central and lateral incisors as well as the mandibular molar as the predominant location (Tylman and Malone 1978) . The predominance of location in the maxillary molars might be due to poor hygiene or tooth brushing problems resulting from stimulation of trigger areas such as the palate, tongue and posterior pharyngeal wall. The oral hygiene status in the anterior region might be superior to that of the posterior regions due to the distance from the trigger area in patients with the reflex. Furthermore, maxillary impression procedures were reported to be extremely difficult in patients with exaggerated gag reflex (Neumann and McCarty 2001) , a fact that suggests dental problems and treatment avoidance in the maxillary posterior area under normal circumstances and might explain the distribution of decayed and restored teeth in the maxillary posterior area. As another alternative, nitrous oxide inhalation sedation was shown to be useful for control of the reflex (Chidiac et al. 2001) . It was suggested that nitrous-oxide sedation reduced the negative perception and the cognitions associated with gagging and thereby increased the tolerance of patients to the placement of intraoral objects (Bassi et al. 2004) . We have encountered 3 other patients with mild reflex who successfully underwent prosthodontic treatment using this sedative technique. However, we employed IV sedation to manage the reflex in 12 prosthodontic cases because of their intolerability to treatment using inhalation sedation. In our clinic, propofol IV sedation was the most applicable pharmacological management method for prosthodontic therapy of gagging patients. When adopting IV sedation, complications such as airway obstruction, respiratory arrest (Yagiela 2001) , reduction in oxygen saturation, cough and larygospasm (Chaushu and Becker 2000) should be carefully evaluated. In our cases, cough caused by water aspiration and reduction in saturation were easily alleviated by brief suspension of treatment and extension of the head, posturing of the mandible forward and aspiration of water coolant in the laryngeal region to assure the continuity of the oxygen supply. GA was also conducted in a patient with extremely problematic gagging who was intolerable to dental therapy under IV sedation. The advantage of GA is complete elimination of the reflex, but costs should be considered in comparison to the benefit of dental care (Yagiela 2001) . It might be the procedure of choice for patients who have many decayed teeth but have to be treated in a few visits.
Previous case reports also showed the adjustment to dental care (Wilks and Marks 1983; Neumann and McCarty 2001; Yagiela 2001) . IV sedation exerts an amnesiatic effect which erases memories of the negative experience of painful treatment (Chaushu and Becker 2000) . Propofol was shown to produce the same degree of memory elimination as midazolam (Veselis et al. 1997) . Consequently, the tolerance of a patient to dental care might improve after successful completion of dental therapy under propofol IV sedation. However, the assessment of reflex level is still a difficult issue for clinicians. In most studies, reflex level was assessed on the basis of tolerance to routine dental treatment in association with dental fear (Wilks and Marks 1983; Ramsy et al. 1987; Chaushu and Becker 2000) . On the other hand, conscious sedation for fear control was selected on the basis of a questionnaire or visual analog scale (Faymonville et al. 1997) . Although the gag reflex has some relation to fear and anxiety, it is a somatic reaction featuring muscle contraction. It is important, therefore, to examine non-invasive tactile stimulation for assessment of the reflex level by excluding the patient's negative bias toward invasive instruments. In this study, we assessed tolerance to tactile stimulation using a dental mirror in the oral cavity because oral inspection is routinely conducted as a prerequisite for diagnosis. Our results showed that the tolerance to intraoral inspection and maintenance procedures was improved in half of the patients. Because the subhypnotic dose of propofol did not produce amnesia reliably (Smith et al. 1994) , the improved tolerance to maintenance care suggests the behavioral adjustment to dental care due to the unknown effect of IV sedation.
In conclusion, the results of this study showed that propofol IV sedation was a useful management technique for reflex control during prosthodontic treatment extended to the posterior regions in the oral cavity. This technique can be expected not only to eliminate the reflex during treatment but also to promote the behavioral adjustment of patients to dental care.
